Understanding the signals that guide neuronal development and direct formation of axons, dendrites, and synapses during wiring of the brain is a fundamental challenge in developmental neuroscience. Discovery of how local signals shape developing neurons has been impeded by the inability of conventional culture methods to interrogate microenvironments of complex neuronal cytoarchitectures, where different subdomains encounter distinct chemical, physical, and fluidic features. Microfabrication techniques are facilitating the creation of microenvironments tailored to neuronal structures and subdomains with unprecedented access and control. The design, fabrication, and properties of microfluidic devices offer significant advantages for addressing unresolved issues of neuronal development. These high-resolution approaches are poised to contribute new insights into mechanisms for restoring neuronal function and connectivity compromised by injury, stress, and neurodegeneration.
Introduction
The brain forms through a remarkable process of selforganization. Neuroblasts migrate and terminally differentiate into the neurons and glia of each brain region. They extend multiple protrusions, each of which encounters distinct, complex, and dynamic microenvironments. The emergence of neuronal polarity and synaptic specializations generates nascent networks along which the earliest signals of communication flow. Simple networks elaborate so that they sense, coordinate, and regulate the range of metabolic, endocrine, physiological, and cognitive functions that allow complex behaviors and thoughts. Deciphering the mosaic of signals in the chemical and physical landscape that guide the development of each neuron and direct formation of its axon and dendrites and their synapses and functional domains during this wiring process is a formidable task.
The mature neuron is elongated and highly branched and forms thousands of synaptic connections with other neurons at extensions distant from the soma. Within the complex cytoarchitecture of the brain, neurons and their extensions are densely packed, filling all available space (Figure 1a, b) [1, 2] ; this impedes subcellular analysis in vivo. In dish cultures, neurons develop similar complex morphologies, albeit at lower densities and with relatively less oriented growth (Figure 1c) . Consequently, neurites often reside in different chemical, physical, and fluidic microenvironments. Whereas in vivo and conventional cell culture approaches have achieved remarkable insights into axonal, dendritic, and synaptic development, discovering how local subcellular signals of individual neurons influence differentiation and function has been elusive. Nevertheless, it is at the subcellular level that dynamic changes during development and throughout life determine information flow and processing (e.g., whether or not specific experiences form or recall memories). Restoration of brain function impaired by damage, stress, or degeneration is especially difficult. Local cues and microenvironments that guide brain wiring during development are often ephemeral and may have been expressed distant from adult termini. Solutions to these issues require new approaches that allow local high-resolution analyses of the interplay between myriad extracellular signals and the intracellular responses that shape the developing brain.
Microfluidic devices (mFDs) -cell-culture environments with channels of micrometer-scale dimensions containing nanoliter volumes -are addressing these needs. Interfacing of engineering technologies with biological methodologies allows the fabrication and application of microfluidicbased systems with new capabilities for maintaining and studying brain cells and circuits in stable microculture (Figure 1d,e) . By using replica molding (Figure 2 ), environments approximating not only single cells but even single neuronal processes can be fabricated in the laboratory setting (Box 1). Advances in chemistry and materials science over the last decade have transformed our ability to control spatial and temporal signals within mFD channels and have facilitated the use of co-cultures and compartmentalization for studying neuronal-glial interactions [3, 4] , disease progression [5, 6] , and repair of injury [7] [8] [9] [10] . Exquisite spatial and temporal control of cellular microenvironments offers significant advantages for studying neurons and their processes. In this review, we summarize and evaluate new perspectives on neuronal
